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ABSTRACT

Many studies show that, within a certain distance (ca. 700—800 n mi), two typhoons forming a
binary typhoon (BT) system would rotate as a whole and attract each other, which s known as “‘Fuji-
whara Effect”” (FE). This paper indicates that only 30,3 % of BTs has experienced remarkable cyclonic rotation
with a 12-hr angle >-10° when two components arc less than 20° lat apart, and that the probability
is much higher with the eastern component in the NE than in the SE quadrant for the western one, implying
the steering effect of the enviromental flow field (EFF) on them,

AT observations from 13 BTs are separately used for calculating the angular velocity due to FE and
EFF and the results are compared. The conclusion can be stated as follows: FE is dominart with the
centers of two elements below 7° lat apart; the EFF steering current plays a major role when they are in
the range of 7—15° and for a distance above 15° the principle of FE holds no longer.

1. INTRODUCTION

It is 2 well-known fact that BT (binary typhoon) is one of the major problems concern—
ed with the typhoon's stagnation, looping and other behaviors in its course. As early as
1921-~1923, Fujiwharall noted that, when one vortex approaches the other, they will go
around the common mass center counterclockwise in the Northern Hemisphete or attract
each other, which is the famous FE {Fujiwhara Effect). Later, Haurwitzl?1 calculated angular
velocity of a BT by assuming the tangential wind speed distribution in a typhoon fo be
identical with that of Rankine Model. Brand!™ indicated in 1970, based on many case
studies, significant increase in the angular velocity with reduction of the center—to-center dis-
tance Tor a BT system, thus giving a concept in synoptics that when two typhoons are close
enough to each other, interaction occurs, but the rotation as a whole is prevalent.

In the 1960s Chinese meteorologists made preliminary study of the tracks of BTs\
and since the 1970s much rescarch has been done on it synoptically, dynamicaily and cli-
matologically®=**l, A general conclusion is achieved™*'#! that when typhoons’ centers are
within a distance of 20° lat, such interactions occur as stagnation, looping, cyclonicjanti—
cyclonic rotation as a BT, mutual atiraction and even mergence. But the track for each




118 ADYANCES TN ATMOSPHERIC SCIENCES Yol. 3

component ig complicated. In addition, the BT's movement is significantly affected by the
characteristics of the EFF (enviromental flow field)!'®],

Since both the FE and the EFF steering effect are essential to the behaviors of a BT
and they are hard to be separated, cerlain amouni of difficulty arose in the past investigation
and operational forecasting. The aim of this work is the attempt to make separate cal-
culation of these two factors to examine their  respective effect on the rotation of a BT.

Il. STATISTICS

30 western North Pacific BTs from the 1961—I1978 “Typhoon yearbook™ are picked out
with the western component close to China's coastline, to the waters west of 130°E and
north of 20°N.  The simultaneous appearance of two typhoons (if either of them has reached
the intensity of a typhoon) is defined as the initial time of a BT whereas the time when one
of them has dissipated or both merged into one is specified as the termination. A chart of
the relative positions is shown with the eastern element as the origin of coordinates based on
0800 and 1200 data so as to get the 12-hr A@ {positive if the rotation is cyclonic and
negative il anticyclonic, hereinafter 12-hr Af is abbreviated to Af) and the center-to-center
distance . with a total of 363 results. Fig. | depicts the relation of Af to d. When J=30°
lat, A@is small and the rotation is anticyclonic, and as & decreases, AD increases rapidly, but
not linearly. The rotation takes place mainly in the case of d<.20° lat and the frequency of
the anticyclonic type is relatively low with Af being 0 to —10° for the most part. Also,
the figure shows that with d <C15° lat Ad grows swifily, giving a magnitude > - 10° in many
cases, and the greater the A@ is, the smaller the 4 is, and when d<C10° lat, Af increases
roughly linearly.
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Fig. 1. Relationship between the distance o and Af.
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Table 1. Relationship between the Distance & and A#
Ag Distance & (in lat)
(deg.) ; d<5° | s<d<i00 | 10<dise 15<d <200
O iecasc-r o |1 s 5
— T AR 4T 0 7 87 83
ST A8 S 10 1] 2 20 20
=10 A0<C | 20 1 23 29 6
20 AP 30 1 ! 13 8 o
1-30CAY i 10 10 2 D
) Tow 1z | e 151 W
7 Percentage of o lOf_) o 73 25.8 5.3
AB=10 ()

For quantitative analysis of the d-Af relationship 340 from 363 cases are taken with
d <<20° lat. The results are indicated in Table 1. In view of the fact that A? represents the
combined effect of Fujiwhara principle and the EFF current, |A8|>=10° is defined as the
remarkable rotation (RR). As summarized in Table 1, out of 340 occasions only 103 have
gone through RR. Further, when 4 >>15° lat, cyclonic RR hardly happens and with 4<15°
RR frequency grows considerably, and if & <{5° all rotations are clearly cyclonic with most

Af higher than 30°,

Fig. 2. Relation of Af to the intensity of western components v, with 5<d<15°,
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and those of eastern ones between 25 and 40 m s~ (figure omitted).

Alternately, it is found that RR of a BT depends on its strength. Fig. 2 gives Af in
relation to the surface windspeed near the center of a western component (for dencting its
intensity) under the condition of 5<Cd < 15° lat. For BTs with RR almost all windspeeds
of western tempests range from 15—35 m s, the enveloping line showing a peak form.

Similar characteristic

distribution is exhibited in the dependence of Af# on the pressure of both elements of a BT.
About 80% of RR comes along when the pressure is between 960—1000 hPa in the cores
(figure omiited). This fact shows that only when both components have moderate strength
with small difference in between, is a favorable condition provided for RR, otherwise the

process would be suppressed.

Staiistics is therefore made of 210 in 340 data with maximal surface near-center wind-
speed difference of Az, =20 m s, a condition denoting both typhoons are of approxi-
mately equal intensity and we have Table 2.

Table 2. The Azimuth of the Eastern to the Western Typhoon Both Basically 1dentical in Strength in

Relation o Ad*

4 (in  lat) Eastern Typhoon ir Eastern Typhoon in
NE Quadrant SE Quadrant**
77777 - RR Not RR RR Not RR
0 <d ;5" b 0 1 0
5 <d <I5° 41 50 7 32
15<d <20° 4 26 2 . 41
o Total 51 76 10 73

* The azimuth of the eastern typhoon to the western is taken based on the 0800 and 1200 LST situations.

**Referring to the eastern typhoon located relative to the western one.

Thus the following summary can be given:
(1) Out of a total of 210 observations only 61 are with RR, accounting for 61/210=29.0 %.
On the 210 occasions there are 127 with eastern typhoons in the NE quadrant, with 51 cases
having RR, making up 51/127=40.1% and 83 in the SE, with only 10 RR, 10/83=12.07.
(2) When the distance is Tonger (15<Cd=<<20° lat), the frequency of RR is 4/30=13.3%;
and 2/43=4.7% for the NE and SE quadrant, respectively. This means that the overwhelm-
ing majority of the BTs under study produce no RR in such circumstances.

(3) When two components are quite close to each other (d<<5° lat), the BT will undergo
RR with no exception regardless for the azimuth of the eastern typhoon.

{4) If 5<.d <<15° lat and the eastern typhoon is in the NE quadrant for its counterpart.
then RR occurs with the frequency of 41/95=45.19; and, by contrast, itis only 7/39=17.97]
when the eastern element is in the SE.
We have then come to the conclusion that FE is applicable to the BTs with 4<<5° but
not to those having @ > 15°, and for 5<Zd <{15° lat the BTs will go through RR in close rela—
tion to the azimuth of its eastern component. It is assumed that in most cases the BT stays
in the situation with the subtropical high in the E-W or SES-WNW direction; when the
eastern typhoon is in the NE quadrant, it is acted upon by the EFF steering current which is
directed towards the west or northwest whereas the western element is affected to less
extent and irregularly so as to favor the cyclonic rotation of a BT (even so, the RR has
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probability of 435.1% only); when the eastern typhoon is in the SE quadrant, the line through
both centers is parallel to the subtropical high ridge line so that both typhoons are steered
equally by the current, a condition unfavorable to the BT’s rotation, merely with the RR
probability of 17.9%,. It is obvious that the EFF steering effect is of vital importance Lo
the track of a BT.

HI. CALCULATION

Separate calculations are made for a particular BT to examine FE and the stecring
effect. This scheme is based on the assumption of Rankine Vortices. A typhoon can be
divided into two parts: an inner core and outer belt. The radius of the core is set to be
r,. In the area of r <r, the windspeed regime satisfies the condition y/r = constant, and in
the region of r>>r, vr=constant. And v,, and v,, denote the maximal windspeed of
Typhoon 1 and Typhoon 2, respectively (se¢ Fig. 3). Thus we can get additional velocity of
one component caused by the other (or residual velocity) through FE in the forms:

Vomr ' Ut 'm
UFl“_“!d—Z! UFz*—ld—ly (1)

and the angular velocity Af, can be obtained

o let = FoaUm
A= Tl (2)
In our work both counterparts of a BT are calculated with data taken from the “Ty-
phoon Yearbook™. All values of 700 hPa maximal windspeed radii r, and r, as well as
O and v, are employed, which differs from the methods for mean values of relevant
parameters of typhoons used by some investigators in their research.

Fig. 3. The interaction of Rankine Wortices.

Next, the method developed by Abe and Najazawal'®l is employed for v, and v,
effect of 700-hPa steering current on both typhoons, respectively. This procedure can be
described as follows: (1) to carefully analyse the 700-hPa contour pattern to locate m, the
col point in the saddle field, near the typhoon and to draw a circie with the core as the cen—
ter and the distance from the core to m as the radius; (2) to find M, a point of maximal
geopotentizl height and the mean height between M and m, with these mean points a and
b marked in the circle; (3) to connect a and both closest to the typhoon core, a line
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considered as showing the direction of steering current (generally M always to the right and
m to the left of the line) and (4) to determine the speed of the steering current by the geos—
trophic wind formula on the natural coordinates with the M-m distance and their height
values. An example is shown in Fig 4.

Fig. 4. Calculation of s«cering effect for Typhoon Wanda (7706} (from Abe and Makazawa, 1982).
Arrows denote the direction the typhoon was moved.

In view of a proportional relationshipt'™ between the actual speed of the components
and the speed of the current, 1.2, 1.0, 0.8 and 0.6 p, are taken for comparison. These
two types of speed are made composite in the form of vectors:

Vo=V, +¥s . (3)
Then we can have

Ab.=Ad, + Al , {4)
where A8, is the 12-hr rotational angle of a BT due to steering ¢ffect obtained from the 12-hr
relative position of both typhoons with v, and v,, already known, and A@. dentoes the
angle produced by FE.

Table 3. Comparison of BT’s Real Angular Velocity to That Obtained through Calculation

Difference in Mean  Error Mean Relative
Angular Velocities (deg.) Error* (%)
Al p—Af —13.0 +353
1.2A8, %% A9 +11.2 +68.2
1.048,— A8 + 7.1 +48.3
0.8A8,.—Af + 3.7 276
0.6A0.— A8 —-0.03 +~ 2.7

* The mean relative error is the average of 47 (A0 -— AGV AR or (Af, —AB)/AS.
*¢ Such terms as 1.2A8, and 1.0Af, denote the total rotational angle cousisting of A8,, which is obtained
through v, multiplied by an empirical coefficient, and Ay, e.g. 1.2A0, + Afp=1.2A4,.
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Then Af, and Af, are compared separately with the observed 12-hr angle Ag. Calcula-
tion is made of 47 observations selected from 13 BTs experiencing RR with 5<d <{20° lat.
The results are shown in Table 3. The angle caused by FE is considerably smaller than the
actual one, and with steering effect included, it is apparently larger but the mean error dim-
inishes. When the effect of the EFF is multiplied by an empirical coefficient of 0.6, the
calculations are in good agreement with the real state of affairs. The mean error of the
12-hr rotational angle of a BT is only —0.03, implying that for most BTs {5<Cd<(20° lat)
the stearing effect has at least the same order as FE or veen greater.

In calculating the 47 observations the mean rotational angle in 12 hours is figured out
for diffarent distances & The relation of observed angles to the distances between centers is
depicted in Fig. 5. OQObviously, the curves of A#, in the range between 7—15° lat not only
have the same orientation as the observed trends but the (0.6—0.8) Af, magnitude guite close
to those of Af as well. By contrast, Af, differs from Af in both aspects to a considerable
extent. [t follows that the EFF plays a major role when 4 is within 7—15° lat. For d<7°
very little improvement is achieved in the composited A, as compared with the actual Ad,
suggesting a primary role of FE in these intervals. Afr are all below 5° per 12 hr under the
condition o >14—15° lat, indicating that this principle is no longer applicable.

5 7 ] 11 12 13 17 )
d (deg. of lat.)
Fig. 5. Relationship between o and mean A#.

It is also worth noting that both components of a BT can aitract each other besides
their rotation about the common mass center, As they become nearer, the 12-hr rotational
angle grows appreciably large. As an example, a detailed analysis is carried out of the courses
of extraordinary Typhoons 7009 and 7080U*3, which have been taken from the “Typhoon
Yearbook”, and in the opinion of the editor, merged into cne after 0600z, & September,
1979. Cur calculations, however, showed that these tempests did not do so but experienced
as a whole extremely RR when d <<2° lat, whose rotational angle increased 3—5 times, amount-
ing to 200° or so in 12 hr. In doing so, both moved towards the west under the action
of the EFF steering current. In the end, they landed in different places of Fujian Province
for 1800 LST, 7—0200 LST, 8 of the month. For 4 other BTs recorded for 1956—1968,
on account of instensity the attractive force was greater than centrifugal effect and this led
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to the mergence of the counterparts into one.

IV. CASE STUDY

Three sets of typhoons are illustrated for the applicability of FE on these systems with

S<d<15° lat. (See Table 4).

Table 4. The Deviations of Afp from Af for Three BTs (data taken at 0800 and 2000 LST only)

Set of Typhoons Date/time d Al Abdgp Al r—A8
7203/7205 Jub. 13, 08 14.6 10.0 9.7 -0.3
20 12.2 12.0 14.5 +2.5
14, 08 9.8 21.5 15.5 —6.0
20 10,0 21.0 17.2 —3.8
7203/7206 Jul, 22, 20 1.1 14.0 8.5 —5.5
23, 08 9.8 12.0 10.1 —-1.9
6413/6414 Aug. 15, 20 9.1 17.0 2.2 —~14.8
16, 08 8.6 2.5 2.7 ~29.8
20 7.8 41.5 3.3 —38.2
17, 08 7.8 24.5 3.8 -20.7
20 7.4 20.5 5.1 —15.4
18, 08 6.7 20.0 8.9 ~11.1
L
0,im/s) \
\
25k
20+
15+
10p
st
7206
Mie(s )
1
r(km)

Fig. 6. Curves of tangential windspeed v, for some typhoons and their ‘comparison with the

mean.

M, (3 km) refers to the mean at the level of 3 km for 14 typhoons from Izawa and M (s}
that at the surface. The variations [of v, with the typhoon radius 7 for the other
cases are all in accordance to the model »r=const.

Fig. 6 depicts distributions of surface and 700-hPa tangential ‘windspeed along the radius -

for these typhoons and the mean one from lzawa'*! for compatison.

It is apparent that

Typhoons 7203 and 7206 well accord to the mean in surface windspeed curves and 7205
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has a similar trend (based on model vr =constant) to that of the mean at the 700 hPa level,
with the calculated Ad, rather close to observed Af. On the contrary, Typhoons 6413 and
6414, according to the model just mentioned, give essentially different results from those of
the mean of 14 observed systems and the calculated Ay, therefore, differ considerably from
AB. It appears that the surface tangential windspeed pattern similar to the results from vr=
constant is one of the important conditions for applicability of FE.

With regard to the weather situation it is found that, the calculated A, has small dc-
vianon from Af mainly when the eastern component is in the NE quadrant. In this case,
the typhoon is bordered on the N-NE by the stronger subtropical high whereas its counter-
nart is under the weaker influcnce of the EFF. Another situation is that the BT has the same
pattern and both components are confined within a closed contour, implying that the
steering effect has the same direction as FE, the strength being comparable to or even
greater than the latier.

Greater difference between AQ, and Af occurs when a BT, for example, Typhoons 6413
and 6414, is within the E-W convergence belt. In this case the BT lies nearly in the WINW-
ESE direction with a E-W subtropical high on ti:¢ north side, thus facilitating faster rofation
when it is in the N-S direction than when ia the other". This shows the importance of

the steering effect on the rotation of a BT,

V. CONCLUSIONS

From the above the rcsulis can be summarized as follows:

(1) When within 20° lat, both typhoons composing a BT, will as a whole produce RR
around the mass center and mutual attraction. The 12-hr rotatjonal angle increases with
the distance decreasing from center to cenler.

(2) The principle of the rotation due to the flow fields of both components, i. e. FE,
is certainly applicable to the system with d <(5° and unapplicable If 4 >>15° lat.

(3) For 5<d=<15° lat both components depend strongly on their relative positions
for RR. When the easteri one is in the NE quadrant with respect to the western one,
RR accounts for about 45%, while in the SE roughly 18%,. In the latter situation both steer-
ing current and FE are effeclive, the former being dominant.

(4) The calculation results show that Af, obtained with the EFF effect {multipliad by
0.6) considered is much closer to the chserved Afl than Af, given by FE alone, indicating
the momentous effect of the EFE, especially with 4 in the range 7—15° lat, If d<7° lat,
the improvement is not significant, that is, FE plays an important part in this case.

(5} If both counterparés are in close proximity (with d <2° lat), the rotational angular
speed may increase 3—35 limes, ammounting to about 200° per 12 hr.

{6) It follows that FE is applicable orly with d<7° lat; when d is 7—15°, both types
of effect come into action, but with the EFF predominant; If 42>15°, FE inevitably goes out
of action.

(7) Two determinant factors in judging the rotation are FE A8, (inversely propor-

tional to d) and the steering effect A4, (the longer the o, the greater the effect on rotation

as compared with Af;). Based on the statistics of 47 observations with 5<<d<C15° lat an

empirical formola is developed for predisting the 127hr angle, i. e.

AH,,=73~ ge,.-r?s—(i\fﬂ_,—lwp}, {15}
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where Az, Af, and 4 are as indicated above and their values can be obtained from
observational data. .

This expression proves to be well-fitted after comparing the 40 observations with

10 40
3<<d<15° lat to the calgulations, The total difference ZAGa - Z Af#=952.8° —959.5°
1 1

in which the error 39 =A8, —Af#<<5° laf occurs I8 times and 5<46<10° lat 11 times,
It is suggested that this formula be used in operaticnal forecasting.
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